Expression of individual types of gangliosides can also be reduced genetically in NPC1 Ϫ/Ϫ mice by crossing Niemann-Pick type C (NPC) disease is a lysosomal disorder commonly caused by a recessive mutation these animals with mice in which specific genes for GSL synthesis (e.g., GalNAcT) have been deleted. In a in NPC1, which encodes an integral membrane protein with regions of homology to the morphogen receptor, previous study, such NPC1 Ϫ/Ϫ mice lacking GalNAcT and thus GM2 and other complex gangliosides were Patched, and to 3-hydroxy-3-methylglutaryl coenzyme A reductase [ 
, and WT mice was examined in situ by parison to control mice carrying wild-type GalNAcT and NPC1, where unesterified cholesterol was not accumuimmunocytochemical and histochemical methods. Neurons in double-deficient mice lacked intraneuronal lated, NPC1 Ϫ/Ϫ mice exhibited pronounced unesterified cholesterol sequestration within neurons in all cortical GM2 accumulation as expected, but remarkably also exhibited absence or dramatic reduction in free choareas, consistent with an earlier report [5] . Filipin staining was principally concentrated in abnormal axon hilllesterol. Neurons storing cholesterol consistently showed GM3 accumulation but some GM3-positive ock/perikaryal swellings (meganeurites) characteristic of neuronal storage diseases [14] . Storage was particuneurons lacked cholesterol storage. These findings provide a compelling argument that cholesterol selarly exacerbated in large layer V cortical pyramidal neurons ( Figure 1A , upper middle panel) and in neurons questration in NPC1-deficient neurons is ganglioside dependent and suggest that the function of NPC1 in throughout the hippocampus, as exemplified by the dentate gyrus and CA4 pyramids (lower middle panel). these cells may be more closely linked to homeostatic control of GSLs than cholesterol.
Introduction of the GalNAcT KO phenotype to NPC1-deficient animals ( Figure 1A , right panels) caused unesterified cholesterol accumulation to be markedly deResults and Discussion creased throughout the cerebral cortex, the hippocampus, and other subcortical regions. Filipin staining in GalOne approach to understanding the cellular mechaNAcT knockout mice with functional NPC1 resembled nisms underlying lipid storage in NPC disease, and that observed in wild-type mice in that there was no therefore the function of NPC1, is through examination accumulation of filipin-positive material within neuronal of the effects of pharmacologic or genetic reduction of perikarya (not shown animals, when it did occur, its accumulation consistently One brain region of double-deficient mice in which cholesterol accumulation was not significantly diminfollowed that of GM3 ganglioside in those regions.
To determine whether the observed regional accumuished was the cerebellum ( Figure 1B) . When younger double-deficient mice were analyzed at 5 and 6 weeks, lation of unesterified cholesterol was localized to the same neurons that were accumulating GM3 ganglioside, the majority of Purkinje cells were intact and showed punctate GM3 ganglioside colocalized to the same neudouble staining with GM3 antibody and filipin was performed. Results showed that GM3 and unesterified chorons exhibiting filipin-positive vesicles ( Figures 4A and  4B ). In contrast, littermate mice recessive for the NPC1 lesterol were commonly localized to the same neurons within the cerebral cortex (Figure 3) , a finding also obdefect but normal for GalNAcT analyzed under the same conditions, while positive for GM2 and cholesterol accuserved in the CA3 region of the hippocampus (not shown). Occasionally, cholesterol storage was absent mulation, did not show detectable levels of GM3 storage ( Figure 4C ). The presence of GM3 in Purkinje cell somata in neurons storing GM3 (Figure 3, inset A, arrowheads) , an indication that GM3 accumulation was not cholesof younger double-deficient animals and its association with cholesterol storage indicates that in the absence terol dependent. Interestingly, neurons lacking GM3 storage typically showed significant immunoreactivity of other gangliosides, altered expression of GM3 may be elicited, at least in this cell type. This occurrence of for GD3, the other ganglioside made in the absence of GalNAcT but not one reported to be pathologically GM3 and its colocalization with cholesterol is consistent with findings from other brain regions and with the sugelevated in NPC1 disease [5, 15]. The presence of cholesterol storage in neurons containing GM3 but not in gestion that cholesterol accumulation in double-deficient neurons is GM3 dependent. However, the degree those with GD3 alone suggests not only linkage of the cholesterol storage mechanism with GM3 accumulation of GM3 accumulation relative to cholesterol was less than that typically observed elsewhere, e.g., in cerebral but also that different types of neurons may have different capacities and/or mechanisms for processing these cortical neurons where the two materials were equally conspicuous (Figure 3 ). glycolipids. Normal neurons, which do not exhibit detectable free cholesterol with filipin labeling [5], are also Average weight, longevity, and onset of clinical disease in NPC1
Ϫ/Ϫ and in double-deficient mice were also known to express ample amounts of GD3 ganglioside immunoreactivity in a punctate cytoplasmic pattern, investigated. In addition to the five double-deficient mice described above, an additional six of these animals consistent with GD3 being a major ganglioside of neurons in mammalian brain [16] .
were produced and maintained for longevity studies. 
